set dependent and these results reveal independent trends for the 2 sets of characters. While S xophosinus has diverged little from S hydrophilus on the molecular level, the morphometric differentiation between them is high. This (Gorman and Kim, 1976; Sene and Carson, 1977; Schnell et al, 1978; Turner et al, 1979; Lessios, 1981; Berlocher and Bush, 1982; Allegrucci et al, 1987) ; this may be due to varying selection pressures on different traits (Turner et al, 1979) or merely related to the number of loci segregating for the different characters (Lewontin, 1984) .
Electrophoretic separation of enzymes has become a powerful tool for investigating systematic and evolutionary problems (Avise, 1974 (Jeannel, 1924) . Studies on these species have been the subject of repeated analyses by various approaches, including the study of morphology (Jeannel, 1924; Juberthie et al, 1980a; Juberthie et al, 1981; Delay et al, 1983) , karyology (Durand and Juberthie-Jupeau, 1980) and allozymic variation (Crouau-Roy, 1989a, b Crouau-Roy (1986) . Individuals from different species were run together on the same gel to determine whether corresponding electromorphs had similar mobilities. Allozyme frequencies for each sample were derived from the electrophoretic results. These data were employed to compute genetic distance estimates (Nei, 1972 (Nei, , 1978 which were used for a phenetic averaging (UPGMA; Sneath and Sokal, 1973) . The apportionment of genetic diversity was determined using genetic diversity analysis (Wright, 1965; Nei, 1977 Nei, , 1986 (Sneath and Sokal, 1973) . Data were also analyzed using a principal components analysis (PCA) on the standardized variables. (Wright, 1965) , which measures the relative difference between expected (He!P) and observed (H ob9 ) heterozygosity, shows a significant deficiency of heterozygotes (F IS > 0) (table II) (Crouau-Roy, 1988 ).
RESULTS

Electrophoretic differentiation
Genetic differentiation between populations
The genetic differentiation within the Speonomus species complex was determined using genetic diversity analysis (F-statistics: Wright, 1965; Nei, 1977 Nei, , 1986 and a x 2 contingency analysis of heterogeneity (Workman and Niswander, 1970 (Nei and Roychoudhury, 1974) were all on the order of 1.7% -2.5% of the distance values. Beetles from the 3 species are well differentiated: coefficients of genetic distance range between 1.021 and 0.400. The genetic differentiation observed between the species S hydrophilus and S zophosinus is significant (D = 0.431) compared to that observed within each of them (intraspecific values of Nei's index: 0.036 and 0.050 respectively). S zophosinus differed completely from S hydrophilus at 5 isozyme loci (Mdh, Ao, Ldh-2, Phi-2, Est-6) and differed substantially at 2 others (Phi-1, pac-1).
The distribution of the loci with respect to genetic identity exhibits the U-shaped pattern characteristic of comparisons between good species. Of 18 loci, most are either identical in their allelic composition (55%) or completely different (32% of its loci are diagnostic for the other). For S colluvii, the genetic differentiation from the other 2 species is greater and affects an important part of the genome (50% of its loci are diagnostic: Ao, Fum, Pac-1, Me, Mdh, Hbdh-1, Ldh-2, a-Gpdh, Phi-2). The genetic distances between pairs of populations are summarized in figure 2 in the form of a dendrogram by using the UPGMA clustering method: this analysis of the data indicates the pattern of phenetic clustering of the species into 3 major groups.
Morphometric differentiation
The average values for the 16 morphological characters are given in table V and relationships between populations of the 3 species have been tested by a Student test. The S hydro P hilus and S zo P hosinus populations display significant differences for all measured morphological characters; between S hydrophilus and S colluvii, 4 comparisons are significant (L8, L7, L6, L5) and only 2 are significant (Lll, W9) between S zo P hossnus and S colluvii. In particular, the shape of the 8th antenna! segment (L8 and W8) differentiates the 3 species from each other (fig 3) . Figure 2 compares the results of the clustering based on allozyme (A, Nei's distances) and morphometric data (B, Euclidean distances). On the 2 bases, populations are clustered into 3 groups corresponding to the 3 species except for 1 population of S hydrophilus which clusters with the group of S colluvii populations. Nevertheless, the morphometric differences between the 3 allopatric species of Speonomus are discordant with the pattern displayed by electrophoretic dissimilarities. While on the molecular level, S zophosircus has diverged less from S hydrophilus than has S colluvii, the morphological distance between these 2 species is greater (Euclidean distance: 263.09 f 5.68). The marked dissimilarity of S zophosarcus is distinctly illustrated in a plot of the 3 species (conspecific populations pooled) on the 1st 2 axes generated by the principal components' analysis  (fig 4) . The raw data, and the principal-component scores, are dominated by size: the 1st principal component, explaining 82% of the variance, is associated with general size, with near-equal contributions from each character. The 3 species differ according to the general size of the individuals (S zophosinus individuals are the smallest and S hydrophilus individuals the largest) and also according to the width of the 8 and 10 antennal segments (explained by the 2nd principal component).
DISCUSSION
In systematic studies, the choice of parameters may substantially influence the patterns observed. Since selection intensity is difficult to assess, consideration of more than a single class of traits can allow a more reasonable evaluation of the accuracy of systematic schemes. Several investigations have demonstrated that speciation can occur with little or no divergence at structural gene loci coding for allozymes: classes of genes other than those studied by electrophoresis (eg regulatory genes) might be involved in this process to a greater extent Ayala, 1975; Wilson, 1976; Nevo, 1978 (Crouau-Roy, 1986 ) in contrast to the 2 larval stages of S delarouzei (Juberthie-Jupeau and Cazals, 1984) . Thus, the occurrence of reproductive isolation between the 3 species cannot be shown. Nevertheless, during mating, constant and sometimes important differences appear between the species; they concern the length of mating, the different phases of the mating and the amplitude and frequency of abdominal movements of males during mating (Crouau-Roy, 1986) . These different types of mating behaviour may enable one to discriminate the 3 species.
The consistent differences in electrophoretic differentiation, morphometric and behavioural differences, in conjunction with biogeographical distributions and ecological separation, offer convincing evidence of the separate species status of S hydrophilvs, S zophosinus and S colluvai. The results of this study applied to the taxonomic question are in complete agreement with the previously determined specific status of these beetles based on male genitalia (Jeannel, 1924) , and on other morphological characters (Juberthie et al, 1980a (Juberthie et al, , 1981 Delay et al, 1983 (Crouau-Roy, 1989a, b) and in their ecological characteristics (Juberthie et al 1981; Crouau-Roy, 1986 ).
The external morphometrical characteristics of Speonomus, traditionally used in systematic studies, could be under extensive selective pressures imposed by the local environment. Without heritability data, 1 suggestion is that the morphological variation has been more immediately shaped by ecological differences between the species. Further, an unknown proportion of the variation exhibited by many of these traits could be environmental rather than genetic in origin. The 
